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DUAL DIFFERENTIAL-INPUT AMPLIFIER 
HAVING WIDE INPUT RANGE 



BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

[0001] The present invention relates to analog circuit design, and more specifically, to 
dual differential-input amplifiers and comparators having wide input range. 

2. Background and Related Art 

[0002] Analog circuits have revolutionized the way people work and play and have 
contributed enormously to the advancement of humankind. A key component of many 
analog circuit designs is the operational amplifier. An operational amplifier is a type of 
amplifier that when appropriately configured with external elements may perform 
mathematical operations. For example, an operational amplifier having it output coupled to 
an inverter causes the operational amplifier and inverter combination to act as a comparator 
in which the binary value at the output of the inverter is representative of which of the 
operational amplifier input terminals has a higher voltage. 

[0003] In a standard differential-input operational amplifier, each of two differential 
input terminals is coupled to a control terminal of a single transistor (e.g., the gate terminal 
of a Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET), or the base terminal of 
a bipolar transistor). Dual differential-input operational amplifiers are useful in some 
applications as they have a tendency towards a wider input range. In dual differential-input 
operational amplifiers, each of two differential input terminals is coupled to a control 
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terminal of two transistors. Wide input range is a desirable feature for many analog circuit 
applications as is known to those of ordinary skill in the art. 

[0004] There are many conventional dual differential-input amplifier designs. Each 
design has its advantages and disadvantages. The desirability of the advantage and the 
acceptability of the disadvantage depend heavily upon the application. Additional 
alternatives provide a wider selection from which circuit designers may choose. 
Accordingly, what would be advantageous would be a new design for a dual differential- 
input operational amplifier. 
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BRIEF SUMMARY OF THE INVENTION 
[0005] The principles of the present invention are directed towards a unique design for a 
dual differential-input operational amplifier. The circuit includes six P-type Metal-Oxide- 
Semiconductor Field-Effect Transistors (PMOSFETs) that each have their source terminals 
coupled to a high voltage rail. A seventh and eighth PMOSFET each have their source 
terminals coupled to a current source. Four N-type Metal-Oxide-Semiconductor Field- 
Effect Transistors (NMOSFETs) each have their source terminals coupled to a low voltage 
rail. A fifth and sixth NMOSFET each have their source terminals coupled to a current sink 
that draws an equal amount of current as the current source supplies. 

[0006] The drain terminal of a first PMOSFET is coupled to the drain terminal of the 
first NMOSFET, to its own gate terminal, and to the gate terminal of the sixth PMOSFET. 
The drain terminal of a second PMOSFET is coupled to the gate terminals of both the first 
and second NMOSFETs, and to the drain terminal of both the second NMOSFET and the 
seventh PMOSFET. The drain terminal of the third PMOSFET is coupled to the gate 
terminals of both the second and third PMOSFETs, and to the drain terminal of the fifth 
NMOSFET. The drain terminal of the fourth PMOSFET is coupled to the gate terminals of 
both the fourth and fifth PMOSFETs, and to the drain terminal of the sixth NMOSFET. The 
drain terminal of the fifth PMOSFET is coupled to the gate terminals of both the third and 
fourth NMOSFETs, and to the drain terminals of both the third NMOSFET and the eighth 
PMOSFET. The drain terminal of the sixth PMOSFET is coupled to the drain terminal of 
the fourth NMOSFET and to the output terminal of the dual differential-input operational 
amplifier. 
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[0007] The gate terminals of the fifth NMOSFET and the eighth PMOSFET are 
configured to receive the first part of a differential input signal, while the gate terminals of 
the sixth NMOSFET and the seventh PMOSFET are configured to receive the second part of 
the differential input signal. 

[0008] Optionally, an inverter may be coupled to the dual differential-input operational 
amplifier with the input terminal of the inverter connected to the output terminal of the 
amplifier to create a dual differential-input comparator. Also, the PMOSFETs may be 
replaced by PNP bipolar transistors, and NMOSFETs may be replaced by NPN bipolar 
transistors to generate a bipolar version of the circuit. The circuit may also be vertically 
inverted with the MOSFET and/or bipolar transistors being replaced by polar opposites (e.g., 
p-type MOSFETs for n-type MOSFETs and vice versa) to generate additional embodiments. 
Additionally, cascoded MOSFETS may be disposed between the sixth PMOSFET and the 
output terminal and between the fourth NMOSFET and the output terminal to thereby 
increase the gain of the operational amplifier. 

[0009] The resulting circuit is a dual differential-input operational amplifier (or 
comparator) with a wide input voltage range. Specifically, the input voltage may vary from 
the low supply voltage to the high supply voltage while retaining the functionality of the 
amplifier. 

[0010] Secondly, the circuit has a relatively symmetric design, which lends itself well to 
a more symmetric layout. This permits better device matching during layout to thereby 
reduce the impact of processing and temperature variations throughout the die. 
[0011] Thirdly, the input structure is configured as a low gain stage with self biased 
loads. When the amplifier is configured with an inverter to form a comparator, the input 
structure prevents feedback through the differential pair transistors when the comparator 
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transitions from one binary output state to another. This is due to the low impedance loads 
in the differential pair. This feature allows the user to use very high sources impedance for 
the circuit driving the comparator without corrupting the data. This contrasts with many 
conventional comparators which generate noise in the reference circuits when the 
comparator makes a transition. 

[0012] Fourthly, the circuit has a less complex bias mechanism and could be used with a 
synthesis tool to program the comparator to fit many applications. This would allow the 
amplifier and associated comparator to be used in a wide range of applications without 
having to make a change to the circuit topology or layout database. 

[0013] Fifthly, the dual differential-input effect is accomplished with relatively few 
transistors thereby reducing the complexity and size of the circuit as a whole. 
[0014] Additional features and advantages of the invention will be set forth in the 
description that follows, and in part will be obvious from the description, or may be learned 
by the practice of the invention. The features and advantages of the invention may be 
realized and obtained by means of the instruments and combinations particularly pointed out 
in the appended claims. These and other features of the present invention will become more 
fully apparent from the following description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] In order to describe the manner in which the above-recited and other advantages 
and features of the invention can be obtained, a more particular description of the invention 
briefly described above will be rendered by reference to specific embodiments thereof which 
are illustrated in the appended drawings. Understanding that these drawings depict only 
typical embodiments of the invention and are not therefore to be considered to be limiting of 
its scope, the invention will be described and explained with additional specificity and detail 
through the use of the accompanying drawings in which: 

[0016] Figure 1 illustrates a transistor-level diagram of a dual differential-input 
operational amplifier and comparator that is based upon Metal-Oxide-Semiconductor Field- 
Effect Transistors (MOSFETs) in accordance with a first embodiment of the present 
invention; 

[0017] Figure 2 illustrates a transistor-level diagram of a dual differential-input 
operational amplifier and comparator that is based upon bipolar transistors in accordance 
with a second embodiment of the present invention; 

[0018] Figure 3 illustrates a transistor-level diagram of a dual differential-input 
operational amplifier and comparator that is based upon MOSFETs and that is vertically 
inverted as compared to the embodiment of Figure 1 in accordance with a third embodiment 
of the present invention; and 

[0019] Figure 4 illustrates a transistor-level diagram of a dual differential-input 
operational amplifier and comparator that is based upon bipolar transistors and that is 
vertically inverted as compared to the embodiment of Figure 2 in accordance with a third 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0020] The principles of the present invention are directed towards a unique design for a 
dual differential-input operational amplifier that permits wide input range, and symmetric 
design and layout. 

[0021] Figure 1 illustrates a dual differential-input operational amplifier 110 that 
operates with an inverter 120 to form a dual differential-input comparator 100. The dual 
differential-input comparator 100 is based on Metal-Oxide Semiconductor Field-Effect 
Transistors (MOSFETs). P-channel or P-type MOSFETs will also be referred to herein as 
"PMOSFETs" while N-channel or N-type MOSFETs will also be referred to herein as 
"NMOSFETs". 

[0022] The dual differential-input operational amplifier 110 includes six PMOSFETs 
PI 01 through PI 06 that each have their source terminals coupled to a high voltage rail 
AVDD. A seventh and eighth PMOSFET PI 07 and PI 08 each have their source terminals 
coupled to a current source 1102. Four NMOSFETs N101 through N104 each have their 
source terminals coupled to a low voltage rail AVSS. A fifth and sixth NMOSFET N105 

^ and N106 each have their source terminals coupled to a current sink 1101 that draws about 

[g an equal amount of current as the current source 1102 supplies. 

2 1 1 1 S t [° 023 1 The drain terminal of a first PMOSFET P101 is coupled to the drain terminal of 
2 i> 3 1 1 * e f irst NMOSFET N101, to its own gate terminal, and to the gate terminal of the sixth 
Z I £2 S3 PMOSFET P106. The drain terminal of a second PMOSFET P102 is coupled to the gate 
jj " " terminals of both the first and second NMOSFETs N101 and N 102, and to the drain 
O terminals of both the second NMOSFET N102 and the seventh PMOSFET P107. The drain 

terminal of the third PMOSFET PI 03 is coupled to the gate terminals of both the second and 
third PMOSFETs P102 and P103, and to the drain terminal of the fifth NMOSFET N105. 
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The drain terminal of the fourth PMOSFET PI 04 is coupled to the gate terminals of both the 
fourth and fifth PMOSFETs PI 04 and PI 05, and to the drain terminal of the sixth 
NMOSFET N106. The drain terminal of the fifth PMOSFET P105 is coupled to the gate 
terminals of both the third and fourth NMOSFETs N103 and N104, and to the drain 
terminals of both the third NMOSFET N103 and the eighth PMOSFET P108. The drain 
terminal of the sixth PMOSFET PI 06 is coupled to the drain terminal of the fourth 
NMOSFET N104 and to the output terminal of the dual differential-input operational 
amplifier 111. 

[0024] The gate terminals of the fifth NMOSFET N105 and the eighth PMOSFET P108 
are configured to receive the first part (Vin.) of a differential input signal, while the gate 
terminals of the sixth NMOSFET N106 and the seventh PMOSFET P107 are configured to 
receive the second part (Vin+) of the differential input signal. To increase the gain of the 
operational amplifier 111, cascoded MOSFETS may be disposed between the sixth 
PMOSFET PI 06 and the output terminal 1 1 1 and between the fourth NMOSFET N 104 and 
the output terminal 111. 

[0025] Optionally, an inverter 120 may be coupled to the dual differential-input 
operational amplifier with the input terminal of the inverter connected to the output terminal 
111 of the operational amplifier 110 to create a dual differential-input comparator. For 
instance, the inverter 120 may include a ninth PMOSFET PI 09 that includes a source 
terminal coupled to the high voltage source AVDD, a gate terminal coupled to the output 
terminal 111 of the operational amplifier 110, and a drain terminal coupled to the output 
terminal of the inverter 120 and the dual differential-input comparator 100. A seventh 
NMOSFET N107 includes a source terminal coupled to the low voltage source AVSS, a 
gate terminal coupled to the output terminal 1 1 1 of the operational amplifier 1 1 0, and a 
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drain terminal coupled to the output terminal of the inverter 120 and the dual differential- 
input comparator 100. 

[0026] In one embodiment of the invention, the length-to-width ratios and M factors of 
the various transistors illustrated in Figure 1 are as illustrated in Table 1 below: 
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Table 1 

Length-to- Width ratio refers to the designed length of the channel region in microns to the 
designed width of the channel region in microns. "M" factor refers to the number of such 
transistors in parallel. An M factor of 1 is just a single transistor having the specified 
length-to- width ratio. An M factor of 2 represents two transistors with their channel regions 
being electrically parallel and each having the specified length-to-width ratio. 
[0027] The comparator 110 operates using a complex application of the principles of 
current mirroring. Under the principles of current mirroring, the current passing through the 
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channel region of a mirroring MOSFET is mirrored into the channel region of a one or more 
mirrored MOSFET if certain conditions are true. In particular, the conditions are that the 
mirroring and mirrored MOSFETs are all operating in the active region, that the gate 
terminals of the mirroring and mirrored MOSFETs are shared, that the drain terminal of the 
mirroring MOSFET is coupled to the common gate terminal, and that the MOSFETs have 
the same polarity (e.g., n-type versus p-type). Under these conditions, the amount of current 
mirroring is approximately linearly proportional to the ratio of the length-to-width ratio of 
the mirrored MOSFET to the length-to-width ratio of the mirroring MOSFET. Similar 
current mirroring may occur with bipolar transistors. The principles of current mirroring are 
well known to those of ordinary skill in the art with respect to both MOSFETs and bipolar 
transistors. 

[0028] Referring to Figure 1, the comparator 100 works as follows assuming the length- 
to-width ratios given in Table 1 and assuming that 1101 equals 1102. For clarity, the current 
through the channel region of a transistor identified by X will be represented as I(X), where 
X may be any of transistors PI 01 through PI 09 and N101 through N107. For example, the 
current passing through the channel region of transistor PI 06 would be represented as 
I(P106). 

[0029] The circuit operation will first be described when Vin+ is greater than Vin-. 
Transistor N106 will be on and conducting current, 1101, through it. At the same time, 
N105 will be off. Transistors PI 04 and PI 05 compose a current mirror as do transistors 
PI 03 and PI 02. Since transistor N 106 is on, current will be flowing through PI 04 which is 
then mirrored into transistor PI 05. Since transistor N 105 is off, no current will be flowing 
through transistors PI 03 and PI 02. 
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[0030] On the bottom side of the circuit, transistor PI 08 will be on and transistor PI 07 
will be off The current, 1102, will be flowing into transistor N103. Also, the current from 
transistor PI 05 is flowing into transistor N103. Therefore, the current flowing into transistor 
N103 is the sum of the currents from transistors PI 08 and PI 05. Transistors N103 and 
N104 also form a current mirror. The size of transistor N 104 is twice that of transistor N103 
so the current flowing through transistor N104 can be described as follows in equation 1 : 

I(N104) = 2 * I(N103) = 2 * [ I(P108) + I(P105) ] (1) 

[0031] The other half of the circuit is off since Vin+ is greater than Vin-. Transistor 
N105 is off and no current is flowing through transistor PI 03. Since transistors PI 03 and 
PI 02 form a current mirror, no current is flowing through transistor PI 02 either. Transistor 
P107 is off and hence no current is flowing through transistor N102. Transistors N102 and 
N101 form a current mirror and the current through transistor N102 is the sum of the 
transistor currents I(P102) and I(P107). Since transistors P102 and P107 are off, the voltage 
at the gate of transistors N102 and N101 will be near AVSS, thus keeping transistor N101 
off. 

[0032] Transistor PI 01 is configured as a diode-connected transistor and will keep the 
gate of transistors PI 01 and PI 06 near AVDD because transistor N101 is off. Transistors 
PI 06 and PI 01 form another current mirror. Since transistor N101 is off, transistors PI 01 
and PI 06 are off too. The voltage at output terminal 111 will be low since N 104 is on and 
has current flowing through it while transistor PI 06 is off. 

[0033] The circuit operation will now be described when the opposite input voltage 
condition is true; namely, Vin+ is less than Vin-. Transistor N 105 will be on and conducting 
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current, 1101, through it. At the same time, transistor N106 will be off. Transistors PI 04 and 
PI 05 compose a current mirror as do transistors PI 03 and PI 02. Since transistor N105 is 
on, current will be flowing through transistor PI 03 that is then mirrored into transistor PI 02. 
Since transistor N 106 is off, no current will be flowing through transistors PI 04 and PI 05. 
[0034] On the bottom side of the circuit, transistor PI 07 will be on and transistor PI 08 
will be off. The current, 1102, will be flowing into transistor N102. Also, the current from 
transistor PI 02 is flowing into transistor N102. Therefore, the current flowing into transistor 
N102 is the sum of the currents from transistors PI 07 and PI 02. Transistors N102 and 
N101 also form a current mirror. The size of transistor N101 is the same as that of transistor 
N102 so the current flowing through transistor N101 can be described as follows in 
equation 2: 

I(N101) = I(N102) = [ I(P107) + I(P102) ] (2) 

[0035] The other half of the circuit is off since Vin+ is less than Vim-. Transistor N106 
is off and no current is flowing through transistor PI 04. Since transistors PI 04 and PI 05 
form a current mirror, no current is flowing through transistor PI 05 either. Transistor PI 08 
is off and hence no current is flowing through transistor N103. Transistors N103 and N104 
form a current mirror and the current through transistor N103 is the sum of the transistor 
currents I(P105) and I(P108). Since transistors P105 and P108 are off, the voltage at the 
gate of transistors N103 and N104 will be near AVSS, thus keeping transistor N104 off. 
[0036] Transistors PI 06 and PI 01 form another current mirror. Since transistor N101 is 
on, transistors PI 01 and PI 06 are on too. The voltage at output terminal 1 1 1 will be high 
since PI 06 is on and has current flowing through it while transistor N104 is off. Also, the 
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size ratio of transistor PI 06 is twice that of PI 01. Hence the current flowing through PI 06 
can be described as in the following equation 3: 



I(P106) = 2 * I(P101) (3) 

[0037] Figure 2 illustrates an alternative comparator 200 with an alternative operational 
amplifier 210 and inverter 220. The comparator 200 of Figure 2 is similar to the comparator 
100 of Figure 1, except that PMOSFETs PI 01 through 109 are replaced by PNP bipolar 
transistors P201 through 209, respectively, and except that NMOSFETS N101 through N107 
are replaced by NPN bipolar transistors N201 through N207. Current sink 1101 and current 
source 1102 are replaced by current sink 1201 and current source 1202, respectively. 
[0038] Figure 3 illustrates an alternative comparator 300 with an alternative operational 
amplifier 310 and inverter 320. The comparator 300 of Figure 3 is similar to the comparator 
100 of Figure 1, except that PMOSFETs PI 01 through PI 09 are replaced by NMOSFETs 
N301 through N309, respectively, with their source terminals coupled to the lower voltage 
level rather than the higher voltage level. Also, the NMOSFETs N101 through N107 are 
replaced by PMOSFETs P301 through P307, respectively, with their source terminals 
coupled to the higher voltage level rather than the low voltage level. Also, the source 
terminals of the fifth and sixth PMOSFETs P305 and P306 are coupled to a current source 
1301, while the source terminals of the seventh and eighth PMOSFETs N307 and N308 are 
coupled to a current sink 1302. 

[0039] Figure 4 illustrates an alternative comparator 400 with an alternative operational 
amplifier 410 and inverter 420. The comparator 400 of Figure 4 is similar to the comparator 
200 of Figure 2, except that PNP bipolar transistors P201 through P209 are replaced by NPN 
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bipolar transistors N401 through N409, respectively, with their emitter terminals coupled to 
the lower voltage level rather than the higher voltage level. Also, the NPN bipolar 
transistors N201 through N207 are replaced by PNP bipolar transistors P401 through P407, 
respectively, with their emitter terminals coupled to the higher voltage level rather than the 
lower voltage level. Also, the emitter terminals of the fifth and sixth PNP bipolar transistors 
P405 and P406 are coupled to a current source 1401, while the emitter terminals of the 
seventh and eighth NPN bipolar transistors N407 and N408 are coupled to a current sink 
1402. 

[0040] The resulting circuit is a dual differential-input operational amplifier (or 
comparator) with a wide input voltage range. Specifically, the input voltage may vary 
from the low supply voltage to the high supply voltage while retaining the functionality of 
the amplifier. 

[0041] Secondly, the circuit has a relatively symmetric design, which lends itself well to 
a more symmetric layout. This permits better device matching during layout to thereby 
reduce the impact of processing and temperature variations throughout the die. 
^ [0042] Thirdly, the input structure is configured as a low gain stage with self biased 

g] loads. When the amplifier is configured with an inverter to form a comparator, the input 

Pi $ 1 1 §3 2 structure prevents feedback through the differential pair transistors when the comparator 

W 2 3 2 1 3 

§ 3> o 5 1 transitions from one binary output state to another. This is due to the low impedance loads 
£ i p 2 < 9 in the differential pair. This feature allows the user to use very high sources impedance for 
the circuit driving the comparator without corrupting the data. This contrasts with many 
O conventional comparators which generate noise in the reference circuits when the 

comparator makes a transition. 
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[0043] Fourthly, the circuit has a less complex bias mechanism and could be used with a 
synthesis tool to program the comparator to fit many applications. This would allow the 
amplifier and associated comparator to be used in a wide range of applications without 
having to make a change to the circuit topology or layout database. 

[0044] Fifthly, the dual differential-input effect is accomplished with relatively few 
transistors thereby reducing the complexity and size of the circuit as a whole. 
[0045] Accordingly, the dual differential-input operational amplifier and comparator 
provide a significant alternative for analog circuit designers, and thereby represent an 
advancement in the state of the art. 

[0046] The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered 
in all respects only as illustrative and not restrictive. The scope of the invention is, 
therefore, indicated by the appended claims rather than by the foregoing description. All 
changes, which come within the meaning and range of equivalency of the claims, are to be 
embraced within their scope. 

[0047] What is claimed and desired secured by United States Letters Patent is: 
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